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Abstrat
It is argued that lassial string solutions should not be ne tuned to have a positive
osmologial onstant (CC) at the observed size, sine even the quantum orretions from
standard model eets will ompletely negate any lassial string theory solution with suh
a CC. In fat it is even possible that there is no need at all for any ad ho uplifting term in
the potential sine these quantum eets may well take are of this. Correspondingly any
alulation of the parameters of the MSSM has to be rethought to take into aount the
evolution of the CC. This onsiderably ompliates the issue sine the initial onditions for
RG evolution of these parameters are determined by the nal ondition on the CC! The
Anthropi Priniple is of no help in addressing these issues.
PACS numbers: 11.25. -w, 98.80.-k;
†
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I. INTRODUCTION
Muh eort has been expended on trying to nd onstrutions whih yield solutions with
a small positive osmologial onstant (CC) in the ontext of reent work on ux ompat-
iations of string theory. The motivation stems from the observation of a small positive
CC. These lassial string solutions are a good desription at some high sale somewhat
less than the string or Kaluza-Klein (KK) sale. But the observed osmologial onstant
is measured at osmologial sales, and learly one needs to inorporate quantum eets
before one an ompare the CC of the eetive theory oming from the string theory model,
with the observed osmologial onstant.
In this respet it is neessary to lear up some apparent onfusion in the literature on-
erning the argument of Bousso and Polhinski (BP) and its relation to the onrete models
of lassial string solutions in whih all the moduli are stabilized. The argument of BP pro-
eeds from the following assertion: the measured osmologial onstant Λ an be written,
in the ontext of string theory, as the sum of two ontributions
Λ = Λ0 +
∑
i
n2i q
2
i . (1)
Here the seond term is the ontribution of internal uxes and the qi are a set of harges and
the ni are a set of integers haraterizing the set of uxes through the various yles of the
internal spae. Λ0 (whih is assumed to be negative) is the sum of all ontributions exept
those oming from the uxes - in partiular it is supposed to inlude all quantum orretions
to the osmologial onstant. However the arguments of BP were not made in a ontext
where the moduli were stabilized, and in any onrete ontext where this has been ahieved,
the orresponding formula inluding quantum orretions is muh more ompliated than
what is indiated by (1).
Consider the ase of type IIB ompatiations. The work of many authors (see [1℄ for
a reent review) led to the realization that the omplex struture moduli and the dilaton
ould be stabilized by turning on internal uxes. Then it was pointed out in [2℄ (KKLT) that
with the inlusion of non-perturbative terms the Kaehler moduli ould also be stabilized.
However this alulation resulted in a minimum whih was negative. KKLT then deided to
raise this minimum by adding an uplifting term, originating from Dbar branes, in order to
get a model with a positive osmologial onstant. Subsequently many authors onsidered
other mehanisms for uplifting AdS minima to dS minima [21℄.
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However there learly is no need to insist on getting a positive CC at the observed value
from a lassial string theory alulation, whih an only give the initial onditions for
an RG evolution down to the far infra-red. KKLT type alulations are essentially done
in lassial string theory (or rather its low energy supergravity (SUGRA) approximation)
with some instanton orretions. Even though some attempts have been made to inlude α′
orretions, the question of inluding the orretions oming from integrating down from the
string/KK sale has not been seriously addressed. Instead what many authors have done
is to start with a KKLT type model (or one of its variants) with the osmologial onstant
adjusted to the observed value. Then the minimal supersymmetri standard model (MSSM)
parameters (Yukawa ouplings, soft masses) are omputed. The latter are then used as the
initial onditions of an RG evolution down to the standard model sale.
What is ignored in these alulations is the fat that in going from the KK sale down
to the TeV sale the osmologial onstant also evolves - in fat (generially) it aquires
orretions whih are quadrati in the uto sale (quarti orretions are absent in a theory
with equal numbers of bosoni and fermioni degrees of freedom). In very speial situations
though it may be possible to make sure that these quadrati orretions are absent (see for
example ([3℄) and then the orretions are of order the supermultiplet splitting (TeV?) sale.
Thus if one started with a model with a tiny positive CC at the observed value, one ends up
with a osmologial onstant whih is at least at the TeV sale! Clearly suh a alulation
makes no sense.
It was in fat pointed out in [4℄ that at the lassial string theory level what one needs
to ensure is that the osmologial onstant is at or below the TeV sale. One ould very
well have started with a negative CC at the lassial level, and (provided that this minimum
breaks supersymmetry (SUSY)) one ould envisage (depending on the model) the subsequent
evolution to produe positive ontributions that ould lift it up. Alternatively it is also
possible to start with a lassially SUSY (AdS) minimum of the moduli potential and then
onsider (provided this minimum was tuned to be at the TeV sale) an uplift oming from
dynamis of some hidden matter setor as in [5℄. One would still be left with the usual
(broken SUSY) ne-tuning problem of the CC at the level of (at least) 1 part in 1060. In
any event it is important to realize that the simple anellation posited in equation (1)
is no longer valid. The quantum orretions are themselves dependent on the uxes sine
the masses of the moduli and all matter ouplings and masses and hene in partiular the
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splitting within supermultiplets (whatever the mehanism of SUSY breaking) are dependent
on them.
There is an additional problem that to the author's knowledge has not been disussed
in the literature. Suppose that a string theory onstrution of the standard model (or
more likely the MSSM) is found. There is likely to be a large degeneray in that the same
MSSM states are likely to emerge from many dierent hoies of internal manifolds and ux
ongurations. Let us all the set of values for any suh hoie β. The four dimensional
moduli potential will depend on this hoie i.e. V = V (Φ, β), where Φ are the moduli and
the MSSM elds. The MSSM parameters i.e. the Yukawa ouplings and the soft masses
and the CC will therefore depend on β. Now in order to have any preditive power at all,
one should be able to nd at most a few values of β whih give the observed CC and SM
ouplings, from whih the MSSM parameters ould then be omputed. One might hope that
the probability distribution on the landsape is highly peaked at suh values of β. Then one
ould hope to ompute the MSSM parameters and ompare with experiments in the near
future (assuming low energy SUSY is observed). But therein lies the problem. The allowed
set of values β are not diretly determined by the experimental value of the osmologial
onstant. In order to determine them one needs to evolve the observed value bak to the
ultra violet sale at whih the lassial CC is relevant. But this evolution depends on the
states that are integrated out in between these two sales and whih are in turn dependent
on β. In other words what we have is a highly non-linear oupled problem.
In the following we elaborate on this.
II. ONE LOOP EFFECTIVE POTENTIAL
Using the Coleman-Weinberg [6℄ formula the eetive potential upto one loop orretions
is
V = Vc +
1
32pi2
StrM2Λ2 +
1
64pi2
StrM4 ln
M2
Λ2
+ . . . . (2)
Here Vc is the lassial potential, the ellipses represent uto (Λ) independent terms, and
StrMn ≡ ∑
i
(−1)2Ji+1mni (Φ), (3)
where mi is the (eld dependent) mass of a partile with spin Ji. Note also that the quarti
divergene is zero beause its oeient StrM0 = 0 in a theory with equal numbers of bosoni
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and fermioni degrees of freedom. Now if SUSY is softly broken then StrM2 should be eld
independent. However there ould still be a ontribution to the osmologial onstant of
O(m23/2Λ
2) sine the SUSY breaking supertrae is of the order of the gravitino mass [22℄. In
a string theory alulation of these one loop eets one would expet a similar formula to
hold in the low energy limit with the uto replaed by the string sale [23℄.
The lassial potential is ( in Plank units M2p ≡ 18piGN = 1)
Vc = VF + VD.
VF = e
G(GiGj¯G
ij¯ − 3), (4)
VD = (f
−1
R )
abkiak
j
bGiGj ,
Here G = K(Φ, Φ¯)+ln |W (Φ)|2 is the Kaehler invariant ombination of the Kaehler potential
K and the superpotential W (Φ). Also Gi = ∂iG, Gij¯ = ∂i∂j¯G is the Kaehler metri, and ka
is a Killing vetor orresponding to some gauge symmetry generator labelled by the index a.
Of ourse this general form of the potential is expeted to be valid quantum mehanially
as well, but the point is that the expression for the Kaehler potential K that one starts with
is taken from a lassial string theory alulation.
First assume that the lassial potential has a minimum at VF = VD = 0. Now in (2) the
oeient of the quadrati term in the uto is given by
StrM2(Φ, Φ¯) = 2Q(Φ, Φ¯)m23/2(Φ, Φ¯). (5)
Here m23/2 = e
K |W |2, and assuming for simpliity that SUSY is broken in some modulus
diretion T ,
Q(Φ, Φ¯) = Ntot − 1−GTHT T¯GT¯ . (6)
Now we have from (4) and the assumption that the minimum has zero CC, |GT | ∼ O(
√
3).
HT T¯ is generially of O(1) (see eqn (8) for a denition). Then we see that for large values
of Ntot (the total number of degrees of freedom in the eetive theory) the quadrati ontri-
bution to the potential is positive. Of ourse it is not lear that we will have an extremum,
leave alone a minimum, but learly the possibility of getting a dS minimum exists!
Although StrM2 needs to be independent of the MSSM elds in order to have soft super-
symmetry breaking, it an still be a funtion of the moduli elds. In any ase generially it
is non-zero and gives an O(m23/2Λ
2) ontribution to the osmologial onstant. Under some
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speial irumstanes [3℄ this ould be zero, in whih ase the leading perturbative ontribu-
tion would be of O(∆m4 ∼ (1TeV )4) where the last estimate follows from the observational
bound on SUSY partners to the SM elds. In other words even under the most favorable
irumstanes the lassial CC needs to be ne tuned to sixty deimal plaes. Note also
that the above formulae are independent of the mode of transmission of supersymmetry
breaking from a hidden setor to the visible setor. The general onlusion is valid for any
mehanism for mediating supersymmetry breaking (inluding low energy mehanisms suh
as gauge mediation) sine it depends only on the Coleman-Weinberg formula (2).
Atually the above formulae are valid only if the lassial starting point is in at spae. To
really be onsistent one should realulate these perturbative orretions around an arbitrary
(urved) bakground. Below we will briey review some aspets of suh alulations and
disuss some of the additional ompliations involved.
III. CURVED SPACE CALCULATIONS
The superpotentialW annot get perturbative orretions but the Kaehler potential an.
Now in global supersymmetry the order parameter for supersymmetry breaking is Fi = ∂iW
(i.e. the derivative of W with respet to any hiral salar Φi) at the minimum, so that if
the theory has no supersymmetry breaking minima lassially, then perturbative orretions
will not generate one (ignore D-terms for the moment). In loal supersymmetry however
the situation is more subtle. The (F-term) potential for hiral salars an be rewritten as
V = eK(FiF¯j¯K
ij¯ − 3|W |2) (7)
Here K = K(Φi,Φj¯), W = W (Φi), Fi = ∂iW + ∂iKW and Kij¯ = ∂i∂j¯K is the Kaehler
metri. The order parameter Fi now involves bothW andK, but sine the latter is renormal-
ized in perturbation theory, in general one would expet that the ondition for supersymme-
try Fi = 0, ∀i, ould be aeted in perturbation theory. Around a Poinare invariant vauum
(i.e one with zero osmologial onstant (CC)) however this annot happen. The reason is
that for a at spae supersymmetry the two terms in V must anel at the minimum whih
in eet means that the ondition for supersymmetry is ∂iW = W = 0 at the minimum.
Then sine W is not renormalized in perturbation theory, one annot break supersymmetry.
The other (and in fat the generi) possibility is anti-deSitter (AdS) supersymmetry where
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W |0 6= 0 so that the osmologial onstant is V |0 = −3eK |W |2. Perturbative orretions
around suh a vauum an in priniple break supersymmetry.
Here we will onsider only the leading, generially non-vanishing, quadrati divergene
that arises in perturbation theory. This (as well as the log divergenes and the nite terms
to one loop) has been alulated for an arbitrary urved bakground [7℄[8℄ and gives the
result
δL =
Λ2
32pi2
[
N + 1
2
r − 2(N − 5)V − 2eG{(N − 1)−H ij¯GiGj¯}].
Here r is the Rii salar of spae time and
Hij¯ = Rij¯ + Fij¯ (8)
Rij¯ = ∂i∂j¯ ln detGmn¯
Fij¯ = −∂i∂j¯ ln detRe[fab].
Here fab(z, z¯) is the gauge oupling funtion. Thus keeping only these quadrati diver-
genes the one loop orreted Lagrangian an then be written as
L =
M˜2p
2
r − V˜ .
Here M˜2p = (1 +
Λ2
32pi2
N+1
2
) is the orreted Plank mass and the orreted potential is
V˜ = eG[Gi(K
ij¯ − βH ij¯)Gj¯ − {3− β(N − 1)}] (9)
with G being redened by adding a onstant α = 1+ Λ
2
16pi2
(N − 5) and β = Λ2
16pi2α
. Indeed if
the perturbative orretions are omputed with a regularization sheme whih preserves the
(loal) supersymmetry of the ation, then one should be able to write it in the same form
as the lassial potential,
V˜ = eG˜(G˜iG˜
ij¯G˜j¯ − 3). (10)
Here G˜ = G + δK where the seond term is the pertubative orretion to the Kaehler
potential. This an be omputed from the orretions to the kineti terms of the hiral
salars of the theory. In fat referene [8℄ does give expressions for the latter. However it
is far from obvious how to express the potential in the above form if one assumed that the
alulations of [8℄ respeted the SUGRA symmetry. So we will simply ontinue to work with
(9) sine we are only interested in the qualitative and order of magnitude eets of these
orretions [24℄, but will assume that there is a orretion to the Kaehler potential that
gurantees the validity of (10).
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IV. CALCULATING MSSM PARAMETERS
To alulate MSSM parameters one expands the Kaehler potential and the superpotential
in terms of the MSSM elds φi,
K = Kˆ + K˜ij¯φ
iφ¯j¯ + Zijφ
iφj + . . . , (11)
W = Wˆ + µijφ
iφj + Yijkφ
iφjφk + . . . . (12)
The oeients of the powers of the MSSM elds are funtions of (the stabilized values of)
the hidden (moduli) setor elds. Let us go to a basis in whih K˜ij¯ = K˜iδij . The Yukawa
ouplings and the soft terms of the anonially normalized elds are [9, 10℄,
Yˆijk = Yijk
¯ˆ
W
|W |e
Kˆ/2(K˜iK˜jK˜k)
−1/2
(13)
Aijk = F
m(Kˆm + ∂m(lnYijk − ln(K˜iK˜jK˜k)) (14)
m2i = m
2
3/2 + V0 − FmF¯ n¯∂m∂n¯ ln K˜i (15)
Ma =
1
2
(ℜfa)−1Fm∂mfa (16)
These expressions are supposed to be valid at some high sale - presumably somewhat below
the string or KK sale. What is usually done is to use these in a model where the lassial
CC has been ne-tuned to be lose to zero and positive by one or other mehanism, suh
as adding the uplift terms of the original KKLT model or D terms. Then the physial
preditions are supposed to be obtained by running these down to the MSSM sale by using
the RG equations.
This proedure is however not meaningful. It is simply inorret to ignore the running of
the osmologial onstant, whih generially runs quadratially as was disussed in setion
II. In fat it is the nal CC (at the largest sales) whih has a measured value at the
10−3eV sale. The problem is that this nal ondition has to be used to determine the initial
onditions that are needed to evolve the MSSM parameters!
To be onrete let us assume that a model with three generations and the standard model
gauge group has been found with the moduli stabilized by a ombination of uxes and non-
perturbative terms as in the KKLT model. Let us denote the set of stringy parameters (data
on the internal manifold and the uxes) by β. This set determines the moduli potential and
hene in partiular the osmologial onstant and the oeients in (11)(12). What is
usually done [11℄[12℄[13℄[14℄[15℄[16℄ following the original arguments of [9, 10℄ is to tune the
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CC to be zero (or positive and small) by an appropriate hoie of β. However as we argued
in setion II if one tuned the CC at this high sale to be small, one would get a large CC at
the MSSM sale (and below).
Thus a meaningful alulation of the MSSM parameters must have a starting point, whih
at the lassial string level has a CC whih is tuned suh that the nal CC, inluding all
quantum orretions, is in aordane with observation. This is of ourse the well-known non-
trivial part of the ne-tuning problem of the CC. In the ontext of lassial string solutions
of the landsape this probem takes on the following aspet. In terms of RG evolution the
ondition on the CC is a nal ondition (looking at the ow as one from the UV to the IR).
In other words nding the set of allowed β means solving an equation of the form (as we
disussed in setion III the atual ondition is even more ompliated)
Veff,0(β) = Vc,0(β) +
1
32pi2
StrM2(β)Λ2|0 + 1
64pi2
StrM4(β) ln
M2(β)
Λ2
|0 + . . . . ≃ O((10−120)
(17)
where the last estimate is written in Plank units. Here Vc denotes the lassial potential,
Veff denotes the quantum eetive potential and the subsript 0 denotes evaluation at the
minimum of the eetive potential. Fixing this nal value within experimental errors will
lead to a large subspae of values of β that is not only (generially) going to be muh
larger than the subspae that yields a lassial CC that is within the bounds, but is also
muh harder to determine. This is beause the inverse RG problem depends on knowing
the supermultiplet splittings whih of ourse are dependent on the set β. One this spae
of β is determined the initial value spae for the RG evolution an be determined and then
one ould alulate for eah point in this spae the orresponding MSSM parameters at the
relevant sale. Needless to say this appears to be a rather intratable problem!
The point is that quantum orretions, should not be expeted to anel amongst them-
selves barring some mirale. Let us try to estimate them. From (17) we see that
δV |0 ≡ 1
32pi2
StrM2Λ2|0 + 1
64pi2
StrM4 ln
M2
Λ2
|0 + . . . . = O(10−46). (18)
In the last step we have made an estimate of the typial value of the radiative orretions
after supersymmetry breaking by taking the uto to be at an intermediate sale at 10−8
as in many popular models (see for example [16℄) and estimating the squared mass splitting
in typial SUSY multiplets to be around a TeV 2 = 10−30, from the lower limit on SUSY
partners. This means that in order to get the observed value (barring some highly unlikely
9
anellation of the quantum eets among themselves) one needs a lassial value Vc|0 ∼
O(10−46). Even the most onservative estimate of this (for instane in those models where
the quadrati divergene is absent) gives a value O(10−60) whih is 60 orders of magnitude
larger than the value of the observed CC.
On the other hand one might ask whether the problem of the CC an be deoupled
from the alulation of the MSSM parameters. In other words if we alulate the latter
after tuning the CC at the lassial level to the observed value and ignore the quantum
orretions to the CC, an we get MSSM parameter values that are approximately orret.
This is what is typially assumed in the literature. However the point is that the lassial
Kaehler potential K AND superpotential W for a theory tuned (i.e. β hosen) suh that
(17) is satised, will in general be very dierent from that in a theory in whih the lassial
potential by itself is tuned to satisfy the observational onstraint. There is no perturbative
relation between the two sets of K's and W 's. They are obtained in dierent ux setors
and there is no reason at all to think that even qualitative preditions obtained with the
latter theory will be obtained also in the former theory.
The essential point an be summarized as follows. Suppose the tuning Vc(β)|0 =
O(10−120) yields a subspae Lc of the landsape L i.e. β = βc ∈ Lc ⊂ L. On the other
hand the tuning Veff,0(β) = O(10
−120) will yield β = βeff ∈ Leff ⊂ L. Barring aidental
anellations that would make the quantum orretions in formulas suh as (18) of the order
of the observed CC, one should expet that Leff ∩Lc = 0. There is absolutely no reason to
expet in general that K˜eff,i(βeff) and W (βeff) with βeff ⊂ Leff are approximately equal
(respetively) to K˜ci(βc), W (βc), with βc ⊂ Lc. It should be emphasized here that the values
β, enter the formulae for the MSSM parameters both diretly, and indiretly through the
dependene of the moduli at the minimum on them. Thus the values of the measurable
quantities (13,14,15,16) in the quantum theory are likely to be very dierent from the values
obtained in the theory with the osmologial onstant tuned to zero in the lassial theory.
Atually even if one knew the set of βeff dened in the previous paragraph it still does
not make sense to ompute the soft terms with the lassial value of the Kaehler potential.
Thus onsider the eetive quantum potential V (Keff ,W (βeff), where Keff = Kc+δK (the
seond term inludes both perturbative and non-perturbative orretions). The superpoten-
tial W is of ourse not supposed to be renormalized in perturbation theory but ontains
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non-perturbative eets as in KKLT. The physial osmologial onstant is then
Veff,0 ≡ V (Keff ,W (βeff))|0 = V (Kc,W (βeff))|0 + δK. δV
δK
+O(δK2) ∼ (10−3eV )4 (19)
However as we've argued earlier the seond term is generially around 75 orders of magnitude
larger than the observed CC and has to be anelled by a lassial term whih is of the same
order. Thus the orretions to the Kaehler potential have to be of the same order as the
lassial Kahler potential and these orretions will give orretions to the soft masses and
ouplings alulated from the lassial term that are not suppressed. In fat it is lear
from the above analysis what the basi (hidden) assumption that is made in typial string
phenomenology alulations is. It is that (at least for small utuations around the relevant
minimum)
V (Kc,W (βc)) ≃ V (Keff ,W (βeff)). (20)
Note that in the above not only is the Kaehler potential on the right hand side the quantum
orreted one, but also the superpotential is evaluated at a dierent set of internal data. If
indeed (20) is true, then the alulations made with the lassial Kaehler potential (tuned
so that minium is the observed CC) will be in agreement with that made with the eetive
potential tuned so that its minimum is the observed CC). Unfortunately there is no a priori
justiation for this assumption!
Given that there is no gurantee that (20) is orret it is not lear that even qualitative
preditions will survive. Exept under the very speial irumstanes disussed earlier, the
only ones that an be expeted to survive are those that an be shown to be independent
of the ux parameters β and the Kaehler potential. Thus models in whih ertain Yukawa
ouplings vanish (irrespetive of the values of the uxes) will retain this feature in the full
quantum theory upto (small?) non-perturbative orretions. Unfortunately it is diult to
nd any other lassial preditions that an survive the tuning of the CC in the eetive
quantum theory after supersymmetry is broken.
V. CONCLUSIONS
The purpose of this note was to bring together ertain well-known fats whih are entral
to understanding the relevane of string theory to physis at the Large Hadron Collider
(LHC). The most important of these is the universally aknowledged but (in the ontext
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of KKLT models) universally ignored fat that the CC undergoes quantum orretions [25℄.
The BP argument [17℄ of ourse tried to take the latter into aount, but as we pointed
out this is not relevant to what happens in onrete string theory situations exemplied
by KKLT type onstrutions. We have argued that sine these are essentially lassial
arguments (with the addition of some non-perturbative orretions in the type IIB ase)
it is not meaningful to demand that the value of the minimum of the potential be at the
observed value of the CC. Even if one is to make qualitative preditions or statistial ones
(as advoated by Douglas and ollaborators [18℄) one has to fae up to the fat that the
quantum eets an ompletely hange any lassial preditions, essentially beause of the
osmologial onstant problem. Clearly the Anthropi Priniple is of no use in resolving this
issue.
Finally it should be noted that if a dynamial priniple seleted one or a few vaua (per-
haps after imposing some riteria suh as the dimensionality of spae and the number of
generations and the standard model gauge group) then one an proeed in the top down
fashion to alulate for these models both the osmologial onstant and the MSSM pa-
rameters. This was of ourse the hope of string theorists until very reently. The point of
this note is merely to argue that if suh a priniple does not exist, then it is unlikely that
top-down approahes have any relevane for phenomenology.
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